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tis (OA), cartilage injuries, osteochondral defects, intra-articular fractures
and intra-articular drill holes may predispose a joint to hyaline cartilage
damage.
Repeated bleeding into joints in hemophiliacs causes chronic synovitis,
leading to joint destruction. Bone bleeding may cause early chondral
damage. This suggests that changes in the environment of the joint drive
articular cartilage degeneration.
Our purpose was to create and characterize a controlled intra-articular
bone injury to deﬁne effects on cartilage damage, to determine the impact
of bone trauma in the knee without altering joint loading and mechanics.
We hypothesize synovitis caused by the injury will lead to cartilage de-
generation as seen in early OA. We also aimed to prevent early leukocyte
recruitment and activation with a novel polypeptide treatment (feG). We
hypothesize that downregulation of leukocytes in the joint will reduce
post-surgical joint inﬂammation and prevent cartilage degradation.
Methods: New Zealand White rabbits underwent surgery, coring two
1.1mm diameter, 10mm deep holes 7mm apart into the right femoral
notch. Shams and non-operated controls were run concurrently. Blood
samples were analyzed weekly. Rabbits were euthanized 3, 6, 9 wks, and 1
yr post-surgery (p-s) (n=3/group) and knee joints were assessed for osteo-
phytes and gross signs of cartilage degeneration; cartilage and synovium
were collected. Histological sections of cartilage were graded by Mankin
score. Molecular analysis was performed on cartilage samples. Histological
sections of synovium were graded for inﬂammation and molecular samples
were analyzed for inﬂammatory markers by ELISA. Blood was collected
weekly for leukocyte analysis. Apoptosis was characterized in the knee
joints with an IR dye (Flivo™) in a small group of rabbits 24 hrs, 2 wks, and
3 wks p-s.
A second group of rabbits was treated with feG or saline (controls) just
prior to surgery and 12 hrs p-s. Animals were euthanized 72 hours p-s and
synovial cells and blood cells were analyzed by FACS. Synovium, cartilage
and fat pad were collected for histological and molecular analysis.
Results: 6 weeks p-s experimental animals had cartilage thinning in the
experimental knee. By 9 weeks p-s the control joints of the experimental
animals had osteophytes on the outer sides of the femoral condyles and
tibial plateaus, cartilage discoloration, and marked cartilage thinning. Fibro-
cartilage formed on the bone core sites. By 1 year p-s the joint showed
osteoarthritis with large amounts of fatty inﬁltration, ﬁbrosis, osteophytes,
and cartilage damage. These data were reﬂected in histological cartilage
data which show cartilages were signiﬁcantly different (p = 0.014) with
scores signiﬁcantly higher after 3, 6 and 9 weeks p-s. Whole white blood
cell counts indicate that animals have a systemic inﬂammatory response
immediately after surgery. This inﬂammatory response was not seen in the
synovium at the time of euthanasia; however the synovium appears to
have become ﬁbrotic.
Gross differences were not apparent after treatment with feG; however, we
expect to see differences with more sensitive measures.
Conclusions: These ﬁndings suggest that changing the environment of the
knee joint by non-chemical, non-destabilizing surgical injury can cause
early cartilage degeneration which has the potential to develop into OA.
Also that downregulating early leukocyte recruitment and activation may
help reduce post-surgical inﬂammation leading to OA.
This novel femoral notch coring surgery provides a relevant clinical
model that we have characterized and used for modulating post-surgical
inﬂammation leading to later cartilage degeneration.
103
DESIRABLE EFFECT OF COMBINATION THERAPY WITH HIGH MOLECULAR
WEIGHT HYALURONATE AND NSAIDS ONMATRIX METALLOPROTEINASES
PRODUCTION
M. Mihara, M. Hashizume, N. Koike, H. Yoshida, M. Suzuki
Chugai Pharmaceutical Co., Ltd, Gotemba, Japan
Purpose: We examined the combination effects of intra-articular high
molecular weight hyaluronate (HA) and oral NSAIDs on cartilage destruc-
tion and pain of knee joint in rabbit knee osteoarthritis (OA) model induced
by partial meniscectomy. We further studied the effect of HA and NSAID
on MMPs production by IL-1 and IL-6 from human chondrocytes in vitro.
Methods: Rabbit OA model was induced by partial meniscectomy and
treated with oral NSAIDs, intra-articular HA and the combination of NSAID
and HA over 2 weeks. NSAID was orally administered daily from the day
of meniscectomy for 14 days and HA was intra-articularly injected 5 times
on day 0, 3, 6, 9, 12. Pain of knee joint was assessed by an Incapacitance
Tester and the damage of cartilage was evaluated by visual assessment and
histopathology at 14 days after the surgery. Cartilage destruction and the
levels of MMP-1, MMP-3 and MMP-13 in synovial ﬂuid were measured.
In in vitro study, human articular chondrocytes were cultured with NSAID
and/or HA in the presence of IL-1β or IL-6+soluble IL-6 receptor (sIL-6R) for
24 h. After culture, production of MMPs, IL-1β, and IL-6 in the supernatants
was measured.
Results: Hind paw weight bearing on the injured paw decreased time-
dependently in the control group. In HA, NSAID and HA+NSAID group, the
decrease of hind paw weight distribution was suppressed, demonstrating
an analgesic effect. Visible and histopathological damages of cartilage were
evident in the control group. In the HA group, the cartilage destruction
was ameliorated. In contrast, in the NSAID group, the cartilage destruction
was augmented compared with the control group. And this exacerbated
cartilage destruction was reversed by the concomitant use of HA. Consistent
with histopathology, the levels of MMP-1, MMP-3 and MMP-13 in synovial
ﬂuid from the NSAID group were signiﬁcantly higher than those from con-
trols. In contrast, the HA and HA+NSAID groups had lower levels of all three
MMPs than the NSAID group. To examine the direct effect of NSAID on MMP
production in chondrocytes, celecoxib and indomethacin were added to
human chondrocytes in the presence of IL-1β or IL-6+sIL-6R. celecoxib and
indomethacin signiﬁcantly enhanced all three MMPproductions induced by
IL-1β or IL-6+sIL-6R. PGE2 production by IL-1β and IL-6 + sIL-6R was inhib-
ited by all drugs. We also examined whether the addition of PGE2 reduced
MMP production induced by NSAID. However, PGE2 did not affect the pro-
duction of MMPs augmented by NSAID. When we measured IL-1β and IL-6
production in supernatants,NSAID potently augmented IL-1β-induced IL-1β
and IL-6-induced IL-6 production. Furthermore,we examined the inﬂuence
of HA on cytokine-induced MMPs production by chondrocytes. MMP pro-
duction by IL-6+sIL-6R was inhibited by either HA or anti-IL-6R antibody.
Similarly, MMP production by IL-1β was inhibited by either HA or IL-1R
antagonist.Next, we examined the effect of HA on NSAID-accelerated MMP
production. Cytokine-induced MMP production was augmented by NSAIDs
and NSAID-augmented MMP production was signiﬁcantly suppressed by
the addition of HA. HA also signiﬁcantly suppressed the NSAID-augmented
production of IL-1β and IL-6. This increased production of MMPs induced
by NSAID was counteracted by the combination of HA.
Conclusions: These results indicate that HA has an advantage to pre-
vent NSAID-augmented cartilage destruction via the inhibition of MMP
production and the combination therapy of HA and NSAID is strongly
recommended.
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COL2-PD2EGFP REPORTER MICE: SUITABLE MODEL FOR STUDIES IN
CHONDROCYTE GROWTH PLATE BIOLOGY
M. Tryfonidou1, G.P. Lunstrum2, K.H. Hendriks1, F.M. Riemers1,
C.R. Degnin2, L.C. Penning1, H.A. Hazewinkel1, W.A. Horton2
1Utrecht Univ., Faculty of Vet. Med., Utrecht, Netherlands; 2Oregon Hlth.& Sci.
Univ., Dept of Molecular & Med. Genetics, Portland, OR
Purpose: Can Col2-pd2EGFP mice be employed for studying articular and
growth plate chondrocyte biology?
Methods: Transgenic Col2-pd2EGFP mice have pd2EGFP (t1/2∼2 hrs) down-
stream of the Collagen 2 promotor. The ﬂuorescence pattern of these mice
was studied during postnatal development with confocal microsopy of the
knee joints and femoral head. Pd2-EGFP chondrocytes were FACS-sorted
and cultured on glass chamber slides in high-density microcultures of
20.000 cells each. Directly after FACS (T-16h) and 16 hrs after initiating
culture at T0, 2, 7, 14, and 21 days q-RT-PCR gfp, col2α1, colX, and col1
expression and laser confocal scanning was performed for Col 2 and Col 10
matrix deposition.
Results: At 1 until 4 weeks of age a dramatical drop in GFP expression
of the articular cartilage occurs reﬂecting the decrease in Col2α1 produc-
tion by articular chondrocytes during growth. Confocal microscopy of the
growth plates reveals GFP-expression is in all proliferative (Pr) and some
hypertrophic chondrocytes (Hyp).
In vitro, gfp levels do not quantitatively correlate with those of col2α1 prob-
ably due to the fact than one transcripts of GFP have been incorporated in
the genome. gfp increases by 20-fold at T0 compared to T-16h, decreases
gradually until T7 and becomes almost undetectable thereafter. The re-
covered pd2EGFP-growth plate chondrocytes were cultured successfully at
least for 21 days in microcultures. Pd2EGFP-chondrocytes start producing
Col2 by T2 as illustrated here.
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They undergo hypertrophic differentiation (i.e., produce ColX) by T7.
Standard culturing conditions induced dedifferentiation of the pd2EGFP-
chondrocytes as indicated with the 20-fold increase in col1 by T14. The
latter does not occur under serum free culturing conditions.
Conclusions: Col2-pdEGFP mice are a suitable model to isolate by FACS a
mixed population of proliferative and (pre)hypertrophic chondrocytes and
to study growth plate chondrocyte biology in postnatal mice older than 4
weeks old.
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MOUSE ANKLE JOINTS ARE, UNLIKE KNEES, RESISTANT TO
LOAD-INDUCED LESION FORMATION
B. Poulet, J. Simmons, A.A. Pitsillides
The Royal Vet. Coll., London, United Kingdom
Purpose: Incidence of osteoarthritis (OA) in human ankle joints has been
reported to be much lower than in the knee. In addition, ankle cartilage
has been shown to be relatively resistant to damage from mechanical and
biochemical insults compared to the knee joint. The mechanisms involved
in this relative protection of ankle cartilage are, however, still unknown.
Development of an animal model for studying the effects of mechanical
loading in the ankle joint would be very valuable in helping to deﬁne
those mechanisms. Herein, we exploited a model used for tibia and knee
joint loading in a mouse, in which localised load-induced femoral cartilage
lesions are formed, to determine whether it may also serve as a model to
study this relative protection of ankle joints.
Methods: The right tibia of 8 week-old CBA mice were loaded 3 times
a week for 2 weeks as described previously. Ankle joints were dissected,
wax embedded and sectioned (sagittal, 9μm). Toluidine blue stained sec-
tions at regular interval across the ankle joint were scored for articular
cartilage (AC) lesions (grade 0-4; 0=normal; 1=loss of stain; 2=lesion in
uncalciﬁed cartilage; 3=lesion in calciﬁed cartilage; 4=exposed subchon-
dral bone). Maximum scores across the tibia-talus, talus-calcaneum and
calcaneum-navicular joints were used and statistical analysis was per-
formed by non-parametric Mann-Whitney test. Loss of proteoglycans was
also visualised with Safranin O staining. Abnormalities were also noted for
non-cartilaginous tissues.
Results: Unlike knee joints, ankle joints in CBA mice did not show any
signiﬁcant changes in AC lesion severity with loading (1.2±0.37 right
loaded ankles and 1.37±0.37 in contra-lateral non-loaded control joints).
Safranin O, as a measure of PG loss, was well distributed across the
uncalciﬁed cartilage and decreased in the calciﬁed cartilage in control
joints. Loading did not affect this staining. The most consistent changes in
response to loading were seen at the insertion of the Achilles tendon into
the calcaneum: this showed localised cell hypertrophy and an elaboration
of a PG-rich matrix. Loaded ankle joints in some animals also developed
synovial activation between the calcaneum and talus bones.
Conclusions: Loaded ankles showed no AC pathological responses. Compar-
ison with loaded knee joints in the same limbs demonstrated a protection
from load-induced lesion formation. Ankle joints did, however, develop
some histological changes in tendon structure at the calcaneal insertion and
some synovial activation. Similar, but more severe, changes in equivalent
structures were also observed in response to loading in the knee joint.
Our data indicate that this murine in vivo loading model shows a relative
protection of ankle AC to mechanical damage. Use of this model will
allow direct comparison of knee and ankle joints in response to loading
in the same limb and highlight the potential for its use in examining the
importance of speciﬁc genes in the relative protection of ankle joints to
mechanical insult.
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IDENTIFICATION OF JOINT OCHRONOSIS IN A MOUSEMODEL OF
ALKAPTONURIA
A.M. Taylor1, A. Preston1, N.K. Paulk2, M. Grompe2, C. Keenan1,
L.R. Ranganath1, J.C. Jarvis1, J.A. Gallagher1
1Univ. of Liverpool, Liverpool, United Kingdom; 2Oregon Hlth.& Sci. Univ.,
Portland, OR
Purpose: Alkaptonuria (AKU) is a rare genetic disease resulting from
deﬁciency of the enzyme homogentisate 1,2-dioxygenase (HGD). It is char-
acterized by elevated circulation of homogentisic acid (HGA), a metabolite
that is deposited as a dark polymer, termed ochronotic pigment, in col-
lagenous tissues particularly the articular cartilages of the weight bearing
joints. Ochronosis leads to a severe, early onset osteoarthropathy, which
currently has no known treatment. One of the limitations in studying
ochronosis is the lack of experimental models. Mice deﬁcient in HGD exist
but do not normally develop ochronosis, despite elevated circulating and
urinary HGA. We recently detected deposition of ochronotic pigment in the
kidneys of mice, heterozygous for the AKU mutation and homozygous for
fumaryl acetoacetate hydrolase (FAH), the enzyme absent in tyrosineamia
type I. These animals are usually maintained on nitisinone, but some
survive withdrawal of the drug. The aim of this study was to determine if
these mice develop joint ochronosis.
Methods: 17th month old C57 mice (AKU+/-, FAH-/-,) were withdrawn
from nitisinone for 11months and sacriﬁced for study. Animals were
dissected and joint tissues and organs processed for routine histology.
Tissues were stained with Schmorls reagent which is a sensitive stain for
ochronotic pigment.
Results: Macroscopic investigation of the renal system revealed pigmented
nodules in the kidney. Microscopy conﬁrmed these to be ochronotic pig-
ment. Initial inspection of the joints did not show gross pigmentation
or evidence of joint degeneration. However, careful histological analysis
identiﬁed ochronotic pigment in the articular cartilages of the knee joints.
Chondrocytes in the calciﬁed cartilage of the distal femur, proximal tibia
and ﬁbula all displayed pigment in the pericellular and territorial matrix.
Pigmentation was not seen in the bone matrix, or other cartilage zones.
Staining with Schmorls reagent conﬁrmed the presence of ochronotic
pigment in these regions, consistent with ﬁndings in human AKU tissues.
Conclusions: Here we describe the ﬁrst observations of ochronosis in
joint tissues of mice. The pattern of initial pigmentation appears to be
remarkably similar to that in human AKU, indicating that this will be an
excellent model to investigate the initiation and progression of ochronsis.
It had previously been thought that animals with the AKU mutation did
not display any of the phenotype observed in humans. Several theories
have been advanced for the lack of ochronosis, including insuﬃcient life
span; failure to reach threshold circulating levels of HGA and/or the
protective effects of ascorbic acid, which in mice is an endogenously
produced anti-oxidant that inhibits HGA polymerisation and protects joint
matrix components. The AKU+/- FAH-/-, mice are normally maintained on
nitisinone but some mice can adapt to long term withdrawal, undergoing
spontaneous, clonal loss of heterozygosity for the AKU mutation. The
subsequent increase in HGA coupled with deterioration of renal function
appears to trigger pigment deposition in the joints of the mice. We believe
these animals will provide a crucial model to investigate ochronosis and to
develop therapeutic strategies for prevention of joint destruction in AKU.
This model should also be useful to investigate pathogenesis of generalized
osteoarthropathy.
